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(54) Electrification moderating film, electron beam system, image forming system, member with the 
electrification moderating film, and manufacturing method of image forming system 



(57) The present invention discloses a film 

comprising at least a compound of germanium as a film 
structure capable of suppressing influence of 
electrification. It also discloses an electron beam 
system, particularly an image forming system, using a 
member having the film comprising at least a compound of 
germanium. It further discloses a manufacturing method 
of the image forming system. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 
[0001] 
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^f^on whrch may be produced by bombartmert^etectrons AnT„ u ^ 8 ° f modera «"9 influences due to 
svsto m a" bean \ Sys,em - * ^ntion set forth in SSfiS^KS" 1 5? "* 3pp,iC3fon relates * 
SS • ' nVentl0n SeJ fortn in tnis application relates to In imtof, ^ Wh,Ch is used in *• electron beam 
forth •nth.app.ication relates to methods^manu^^ an invention set 
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Kar s^Wta ssr and are ,i9ht in — 
^^^^ 

developed for e.ectron mJTlSZZ ^ 3 fluorescent substance The e n£3 

density and emit electrons from a conica I or^eSleTe "T e ' ement Whicn <*" be integrated at a hU 

14. In order to prevent a substrate from being deform ed due m » T» L 6 electron • ouree is omit ted in FIG 
atmospheric pressure as the display has a larger eL » ^ be,Ween internal vacuu ™ and an external' 
Plate. However, the rear pfcte and the face S 2* Jti "J^T* l ° "**" the rear <> late a "° ^ 
allow an .mage to be distorted when it is seen obHqudy aS,Si u 1 * 3 We, ' 9ht of me *Ptay but also 

to as a nb is used between the rear plate and Mta , 9 l SpaCer 0r a structure su PPort which is referred 

SZT re ' atiVe,y tHin 9,355 P,ates Tna S Pate o" £5 ^ec^ d * P ' 3v fe of «ne a^S 

which the fluorescent substance is coated are k*nt a ? = h . Ctron source is forme d and the face olate on 

*?****™™m£££Z?** of a submi,,imeter to 

volts I app.ii a ,rnt^:^~baS 2S "TS ' ^ ^ « — - -era- hundred 
substance. Since a magnetic field which eTiedffiwlt ^^ 66 " ,he e,ectron sour <* and the fluoSm 
substance and the electron source, it is 25 2 ^J"""* * applied across the o Join 

spacer ,s electrified by some of electrons which are JSXSJZ ? ? SCh3r9ed fr ° m ,he spacer - PurthermorJTe 
spacer or positive ions which are produced by the emS tS» ! " S ° UfCe diSposed nearbv and bombard the 
spacer deflects the electrons emitted Jom me elect of ™ / and u adhere to «» spacer. The electrification^ of Te 
positions different from regular positions o "tetSSSSLS" '° Ci 3nd makes *• electron^ m 

distorted when it is seen through a front glass pTato ^k^' Wherebv an ima 9 e in ^ vicinity of ^ 4^ 

current to the spaLVapanesT P^^J^^Tn t0 cancel tne electrification by flowing a weak 

proposal, a thin high resistance film &£^£^ m ^™ m 3nd *"™™). Accord^ to S 
JSS °k K 6 SPaCer ' A " Petrification moderatfng S use d TS* S ° 3 l0W MMnt ^ through 

m Wh ? B r e ^ Unoxideor «"o^eandind^oir^ *" ^ * 3 mixed or . 

sensible of gasTs^™as ^aSedt Sfs ' ^ * * — « »° '** — above fe so 
Furthermore, since these materials and mete^fflm? h 9 a a v ?r 0rS ' ,tS f reSiSt3nCe fe li3b,e to be by aSphere 
^"cetoformmefi.msinanfe.and-.^X^ reSiSt3nCe ' il is "-essa^y for it^fK 



SUMMARY OF THE INVENTION 
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which has an object to provide at least any of a highly reproducible film, a stable film and a film having a resistance 
value hardly varying at a heating step. The present application further includes an invention which has an object to 
provide a member of an electron beam system, a spacer in particular, which is capable of moderating influences due to 
electrification. Furthermore, the present application also includes an invention which has an object to provide an 
electron beam system, an image forming system in particular, which uses such a member. 

[0008] An electrification moderating film according to one of the inventions set forth in the present application 
is configured as: 

an electrification moderating film characterized by containing at least a germanium compound. 
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[0009] This film is capable of suppressing influences which are produced by electrification. 
[0010] The germanium compound may be a nitride of germanium or an oxide of germanium. 
[0011] Furthermore, it is preferable that the germanium compound is a nitride which contains a transition metal and 
germanium. It is preferable in particular that the transition metal is at least one of chromium, titanium, molybdenum, 
15 tantalum and tungsten. 

[0012] Furthermore, it is preferable that the germanium compound is a nitride which contains a transition metal, 
aluminium and germanium, and that the transition metal is at least one of chromium, titanium, tantalum, molybdenum and 
tungsten. 

[0013] Furthermore, it is preferable that the germanium compound is a nitride of germanium and that germanium of 

20 the electrification moderating film is nitrided at a ratio not lower than 50%. 

[0014] Furthermore, it is preferable that the germanium compound is a nitride which contains a transition metal and 
germanium and, that germanium of the electrification moderating film is nitrided at a ratio not lower than 50%. 
[0015] Furthermore, it is preferable that the germanium compound is a nitride which contains a transition metal, 
aluminium and germanium, and that aluminium of the electrification moderating film has a surface nitrization ratio not 

25 lower than 35%. The surface nitrization ratio of aluminium is a quotient of an atomic concentration of nitrogen 
composing aluminium nitride by an atomic concentration of aluminium. 

[0016] Furthermore, the electrification moderating film may be formed so as to contain a second layer which 
contains at least the germanium compound and a first layer which contains at least a metal. The second layer may be 
insulated. 

30 [0017] In this case, the metal is preferably a transition metal. It is preferable that the metal is at least one of iron, 
cobalt, copper and ruthenium. 

[0018] Furthermore, it is preferable that the first layer contains at least an oxide of the metal. It is preferable 
in particular that the first layer contains at least one of iron oxide, cobalt oxide, copper oxide and ruthenium oxide. 
The first layer may contain a mixture of these metals. 
35 [0019] Furthermore, it is preferable that the layer which contains the germanium compound has a thickness not 
smaller than 10 nm and not larger than 1 pm. 

[0020] Furthermore, it is preferable that the germanium compound is a nitride of germanium and that a layer which 
contains at least the nitride of germanium has a thickness not smaller than 10 nm and not larger than 1 pm. 
[0021] Furthermore, it is preferable that the germanium compound is a nitride which contains a transition metal and 
40 germanium, and that a layer which contains nitride containing the transition metal and germanium has a thickness not 
smaller than 10 nm and not larger than 1 pm. 

[0022] Furthermore, it is preferable that the germanium compound is a nitride which contains aluminium and 
germanium, and that a layer which contains the nitride containing aluminium and germanium has a thickness not smaller 
than 10 nm and not larger than 1 pm. 
45 [0023] Furthermore, it is preferable that the germanium compound is a nitride which contains a transition metal, 
aluminium and germanium, and that a layer which contains the nitride containing the transition metal, aluminium and 
germanium has a thickness not smaller than 10 nm and not larger than 1 pm. 

[0024] Furthermore, it is preferable in the configuration which uses the first layer and the second layer described 
above that the first layer has a thickness not smaller than 10 nm and not larger than 1 pm, and that the second layer 
50 has a thickness not smaller than 5 nm and not larger than 30 nm. 

[0025] Furthermore, it is preferable that the layer which contains at least the germanium compound has a thermal 
coefficient of resistance which is not larger than 1% in absolute. It is preferable in particular that the thermal 
coefficient of resistance is negative. 

[0026] Furthermore, it is preferable that the germanium compound is a nitride of germanium and that a layer which 
" 5 contains at least the nitride of germanium has a thermal coefficient of resistance not larger than 1% in absolute. It is 
preferable in particular that the thermal coefficient of resistance is negative. 
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[0029] Furthermore, it is preferable that the germanium compound is a nitride which contains a transition m-tai 
alum.n.um and germanium, and that a layer which contains at leasee nitride oonWta toe tanXJ ^ZST ' 

[0031] An invention m fodn in tne pnM npptallon prunes ,n .ken, bean, «. „ „. 

Ember.™* * Preferab,e *" " ' S ° f *-ces due to electrification of the 

E ^ COnfiguration - 14 is P referable that substrate has an insulating property. 

£5 and ^ fe PreferaWy USaWe " 3 SP ^ r WWch — * 93P between the e.ectron 

"°! 3 Va om^nTrrV 1 that ^ e,ectrificafon *" exhibits specific resistance not lower than 10 

* Va fim and not h.gher than 10* fi m when a voltage applied across an end of the first member located on a sfde of 
J^onsourceand an end of thereof located on a side of the opposed member is represented by Va 
Tsltratrr^ ^fposed be.een 

S niumo.de layer oran aluminium oxide .aye^ 

[0037] An .nvenfion set forth in the present application provides an image forming system whichtZg^ as 
Sb fy ^ing~tC'° n " raPaWe ° f SUPPreSSln9 inflUenC8S ^ t0 ° f "» ™ ^by 
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[0043] Furthermore, the present application includes an invention which provides the electrification moderating 
film described above. 

[0044] In addition, an invention set forth in the present application provides a manufacturing method of an image 
forming system which is configured as: 

a manufacturing method of an image forming system which comprises an electron source, an image forming member 
which is disposed in opposition to the electron source to form an image when irradiated with electrons and a first 
member which is disposed between the electron source and the image forming member, characterized by comprising a 
step to form the electrification moderating film described above on a substrate and a step to seal an enclosure 
after disposing the first member in the enclosure. 

[0045] It is possible to prevent oxidation of the first member by sealing the enclosure in an atmosphere which 
suppresses oxidation of the first member. The atmosphere which suppresses oxidation of the first member may be nitrogen 
atmosphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] 

20 FIG. 1 is a schematic sectional view of a portion of the image forming system according to the present invention 

which is in the vicinity of spacer; 

FIG. 2 is a perspective view of an image forming system preferred as an embodiment of the present invention from 
which a portion of a display panel is cut off; 

25 

FIG. 3 is a schematic sectional view used in a spacer according to the present invention; 

FIGS. 4A and 4B are plan views exemplifying arrangements of fluorescent substances on a face plate of a display 
panel; 

FIGS. 5A and 5B are a plan view and a sectional view of a substrate for a multi-electron beam source; 

FIGS. 6A, 6B, 6C, 6D and 6E are diagrams illustrating steps to form a planar surface type surface conductive 
electron emitting element; 

FIG. 7 is a diagram illustrating waveforms of pulses applied to form an electron beam source; 
FIGS. 8A and 8B are diagrams illustrating waveforms of pulses applied at a step of energization; 
FIG. 9 is a sectional view of a vertical type surface conductive electron emitting element; 

FIG. 10 is a schematic diagram showing current-voltage characteristics of the surface conductive electron emitting 
element; 

FIG. 1 1 is a simple matrix type wiring diagram; 

FIG. 12 is a sectional view of the planar surface type surface conductive electron emitting element; 

FIG. 13 is a block diagram schematically showing a configuration of a sputtering device; 

FIG. 14 is a schematic sectional view of a display which uses a large number of fine electron sources; 

FIGS. 15A and 15B are perspective views illustrating other spacers to be used in the image forming system according 
to the present invention; 

55 FIG. 16 is a schematic sectional view of an image forming system preferred as a sixth embodiment illustrating 

mainly a spacer and electron sources; and 
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FIG. 17 is a block diagram schematically showing a configuration of a sputtering device used in embodiments 7 to 1 1 . 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 



[0047] Though an electrification moderating film which is described in detail below fe „«ph ™ „ „ 
spacer of an ,mage forming system using an electron emitting element ,n , a preferable TLZL ^ ? 8 

the electrification moderatina film is canabiP of ovhiww. , • • I prererame aspect of the present invention, 
due to the e.ectrffication described aXJ S 2dS2L5 ? t0 ^ inflUences on emitted elect ™s 

a heating step during manuSS a system ^uZT^nTZ°L f """^ TAm at 
similar to that described above in a case w^rethe ZS£ T?n f T * fr ° m 3 prab,em 

vessel or on a surface of a member disposed to Z vLST 9 ' S ^ ™ a " inside surface of the 

-o^e^^a^ instating s u5strate coated with a conducive fi,m to 

-derating film hasL surfaced ^11^0^ ^22^21 * mT^ 

»TT 7\T e surface resistance fe dea ' rably 10,2 <*•• A ^ r ^^^^^Z^T n « 

elec^argr^ * ^ 3 ^ ** **" - chance the ^tTi 

ISnce va^Cof^sS ^^3^1 °" 3 ^ ^ 3 Surfa ~ 

and power consumption. A lo^rTmrt of hT sheet See feTea^TSS ° f PreVenton ° f e,ecWficafon 
value makes it possible to remove electric charoes acc^uS^o^h,! * ^ consumption. A lower resistance 

electric power to be consumed by me spacer SSS^r ™re speedily but allows a larger amount of 
low specific resistance for a spacer t b ^£ o TS^TfiZT ^ *" 3 material havin 9 

made of a material having low specific nlistenJmu^ KfL ! *T" a " e,ectr,ficaBon moderating film which is 
Rs at a desired value, a «h film whicMs SeT^n in 6 ' y Sma " thiCkness to set the surface ^^nce 

in stance and low in CSCS^SS ^ ^ZSS^SJST "rf^* 5 ^ ""^ 
je ^filmand adhesion to a subs Je as wel. as Z!S^ZZ£T^ °" * 3 mate^ ' a, ° f 

EL, t^ns^ti^ ^ ° f — 8 — " a " d 

coefficients of resistance. I material wh ch ias I n^LT , semiconductor materials have negative thermal 
to be lowered by a hinpaillnW ?„T TT? re * tanae a,,0WS a resistance va '"* 

thermal runawa -where tempera^ furthe? ELSK^J ? ° f SpaCer " thereby causin 9 the 
However, the thermal mn^ ^ 

balanced with heat dissipation Moreover t E h, Catonlic Va ' Ue ' 0r ^ consumption, is 

^sathern.,^ tato P ' aCe Whan *• derating 

continuously increased a current suoolie? to «. approximately 0.1W per square centimeter 
on a shape of spacer, the "o^ 

electrification moderating film a value of Rs which ^ n!, P f ° 1ermal of resistance of an 

centimeter is not smaller tha MOx^WoJ ^I^2L """"P*" to exceed 0.1W per square 

which the spacer is disposed or a ^disLi be^een , P T T* * memberS between 

Since h is set at a distance ^ttonge^tan 1 STan^, ' ""' W>r P ' a,e h the describea ab ™- 
type display, it is desirable SaT Se JSl rSsLi To ^ 

spacerrssetwiminarangef^mlOxVa^^^ ,fiCa,, ° n mMf]9 ^ ,0 be formed on the 



fsnofsmalJ^^ *■ on the insulafing substrate 

at a higher possibility due to?" rong T °" ^ ° ,her h3nd ' ,he film ™* peel off 

m-7 # Hn5 " S 3 product of the sheet res.stance Rs multiplied by the film thickness t is 

10 * Va ^<°10Wur^^ 



and thickness which are within more preferable ranges. 

[0054] The electron accelerating voltage Va which is not lower than 100 V is used in a display and a voltage which 
is not lower than 1 kV is required to obtain sufficiently brightness when the planar surface type display uses a 
fluorescent substance for high-speed electrons which is ordinarily used for CRTs. In a condition of Va = 1 kV, it is 
preferable that the electrification moderating film has specific resistance within a range of 0.1 am to 1 0 5 am. 

5 [0055] Earnest examinations of materials which have the characteristics of the electrification moderating film 
described above provided a result that nitrides of germanium and a transition metal in particular are extremely 
excellent materials for the electrification moderating film. The transition metal is selected from among Ti, V, Cr, Mn, 
Fe, Co, Ni, Cu, Zr t Nb, Mo, Hf, Ta, W and so on and may be used independently or in a combination of two or more kinds. 
The transition metals and nitrides thereof are good conductors, whereas germanium nitride is an insulating material. 

10 Accordingly, it is possible by adjusting compositions of the transition metal and germanium to control a value of specific 
resistance within a broad range so that the electrification moderating film is a good conductor or an insulating 
material. That is, it is possible by varying a composition of the transition metal mentioned above to obtain the value 
of specific resistance described above which is desirable for the electrification moderating film of the spacer. 
[0056] Specific resistance of a material composed of germanium and nitride of Cr, Ti or Ta varies depending on 

15 metal compositions (transition metal/germanium). The preferable specific resistance described above is obtained at 
approximately 3 at.% to 50 at.% of Cr, 30 at.% to 68 at.% of Ti or 35 at.% to 80 at.% of Ta. When Mo is selected as a 
transition metal, atomic ratios (Mo/Ge) of approximately 3 at.% to 50 at.% give the preferable specific resistance, 
whereas atomic ratios of approximately 3 at.% to 60 at.% allow to obtain the preferable specific resistance in case of W. 
[0057] At a manufacturing stage of an image forming system described later in particular, it has been found that an 

20 electrification moderating film made of the transition metal mentioned above and germanium was a stable material which 
allowed little variation of its resistance value. The electrification moderating film is a material having a thermal 
coefficient of resistance which is negative but smaller than 1% in absolute, thereby hardly allowing the thermal runaway. 
Since the nitrogen compound emits secondary electrons at a low rate, the electrification moderating film is a material 
which can hardly be electrified when irradiated with electrons and is suited for use in displays utilizing electron beams. 

25 [0058] As the electrification moderating film according to the present invention, a thin film which is composed of 
the nitrides of the transition metal mentioned above and germanium can be formed on an insulating substrate by a 
sputtering method, a reactive sputtering method, an electron beam vaporization method, an ion plating method, an ion- 
assisted vaporization method or CVD method. In case of the sputtering method, for example, a film which is composed of 
the nitrides of germanium and the transition metal mentioned above can be obtained by sputtering targets of germanium 

30 and the transition metal in a gas containing at least either of nitrogen and ammonium, thereby nitriding atoms of the 
sputtering metals. It is possible to use a target of an alloy of germanium and the transient metal having a composition 
which is preliminarily adjusted. Though a nitrogen content of a nitride film is varied by adjusting sputtering 
conditions such as a gas pressure, a partial nitrogen pressure and film forming speed, the film has a higher stability 
when it is nitrided sufficiently. 

35 [0059] Though resistance values of the nitrides vary depending on a nitrogen concentration and defects in a nitride 
film, a conductivity due to the defects is varied when the defects are lessened at a heating step. Accordingly, a 
nitride film which is sufficiently nitrided and has fewer defects is apt to be more excellent in stability. Since 
germanium is transformed into the nitride and the transition metal element is used to impart a conductivity, the 
electrification moderating film for the spacer according to the present invention is highly stable. To obtain a nitride 

40 film which has a stable resistance value, it is preferable to nitride germanium atoms at 50% or higher and more 
preferable to nitride at 60% or higher in particular. 

[0060] When it is desired to suppress oxidation, it is preferable to manufacture the image forming system in an 
atmosphere which does not oxide the nitride film. A nitride which contains nitrogen at a ratio lower than a 
stoichiometric ratio is liable to be oxidized and a nitride which has a higher crystalline orientation such as the 
45 nitride film used in the present invention which is polycrystalline is liable to be hardly oxidized. A secondary 
electron emission rate which influences on electrification is governed by a material of a surface which is scores of 
nanometers thick. 

[0061] A nitrogen content (nitrization ratio) in a nitride can be enhanced by selecting an adequate manufacturing 
condition to penetrate high energy nitrogen ions into a deposited surface of a thin film, for example, a condition for 
. 50 deposition by sputtering while applying a negative bias voltage to a substrate. Such a manufacturing condition tends to 
improve a crystalline orientation and enhancement of a nitrization ratio results in improvement in performance of the 
electrification moderating film. In the present invention, the nitrization ratio means an atomic concentration ratio of 
germanium nitride relative to germanium which is measured by an XPS (X-ray spectroscopy). 

[0062] Even when a surface of the nitride film is oxided or an oxide layer is formed on the nitride film, the 
55 electrification moderating film exhibits an electrification preventive effect so far as the surface oxide layer has a 
low secondary electron emission rate. 
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type) electron emitting element, a surface conductof SLTJLl M ' e T >Km «W» (hereinafter abbreviated as FE 
*f < h ««"^ e ' emen :- a ™tel/insulating .ayer/meta. 

element ,s preferably used for the present invention though £ C elecTon enl"„ ! "^'hode type electron emitting 
[0065] The surface conduction type electron Zwil l! . lttm9 element is not limitaB ve. 

P/s. 10, (1965). The surface conduS t^ e e ^TiSS^ZST^ " * ' E "' nSOn - Radio E " 9 - El «*<>n 
em.tted by supplying a current to a thin SC^ZTZf^T" 3 phen0menon wh erem electrons are 
a surface of the film. Reported as the surface TnduZ tyTe e e *fn ItST* ' h para " el with 

Sn0 2 films proposed by Elinson et al. mentioned abov^l™!! ? 1 9 e ' ements are elements "sing thin 
93!7 (1972)]. events using thin In^SnO X ^ ^ [G< Dittmer: "™ n SolW ™™" 

elements using thin carbon films [Hisashi 
there are known electron emitting elements which use flmJTfin^' l \ °: 1 " P ' 22 " (1983 » and 50 on. Further, 
as described later in embodiments of the present Mention Sol t ^ ^ e ' eCtr0n emittin 9 secfor * °r the like 
are W. P. Dyke & W. W. Dolan: "Field emLTon " ZT^^Z * FE *»» electron elemente 

Properties of thin-film field emission ca^ with "«ZZn£Z mT*. of ° 956) a " d CA Spindt: ™*£ 
as examples of MIM type electron emitting 4^^T^+"* Phys 7 47 ' 524 * (WfJ and so on. Known 
646 (1961) and so on. A * Mead ' The tunnel-emission amplifier," J. Appl Phys 32 

a direction of row. y p a,,iy 0T wires ,n a direction of line and a plurality of wires in 

being connected to one another at ends thereof S^mJSSISSI ?. *" ««*«*o*i elemente 
cold-cathode elements along a direction on^oM^Tj^^u^"* ? 9ridS) are arran 9 e ° ™* the 
to control electrons from the cold-cathode elemente 6 d ' reCt,0n (referred ,0 as a row direction) 

a Photosensitive drum and light emSng JJ^ TcSe^of £ ^ «** is ""^ °' 
two-d.mensional light emitting source can be wmposedty aSiS 2? ? T " 9ht 6mittin9 Source but als ° * 
n w.res ,n the row direction described above TheTrSoe SZ ? k 9 the m Wires in «» ,ine direc «on and 
fluorescent substance used in embodiments dJSSw^JTT* ' S "V"*" l ° 3 Substance s ^ - a 
electnfication of electrons. oescnoea later but may be a member which forms a latent image by 

example. -SSnSSitf I ZTZZtZ J", ST?" ^ iS a ^ bla - a " — « for 
other than an image forming member ma L7Jta32^ an e,ect ™ * 

apparatus according to the present invention may be a aZ \fS£> ? 6 Accordin 9'y. •» image forming 
«rrad.ated with electrons is not limited. ' 9eneral electron beam 'nstrument for which a member to be 

KLnandl^S^ moda ^ according to the present 

[0069] FIG. 1 is a schematic ^sectiona vi^a llhol ^ US ' n9 the e,ecWficafo " '"derating film. 
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reference numeral 7 represents a face plate: the rear plate 2, the side wall 3 and the face plate 7 composing an 
airtight vessel (an enclosure 8) which maintains an interior of a display panel under vacuum. 

[0070] The spacer 10 consists of an insulating substrate 10a formed on a surface which is an electrification 
moderating film 10c according to the present invention. The spacer 10 is disposed to prevent the vacuum enclosure 8 from 
being broken or deformed by an atmospheric pressure when the enclosure 8 is evacuated to a vacuum degree. A material, 

5 a shape, a location and a number of the spacer 10 are determined considering a form and a thermal expansion coefficient 
of the enclosure 8 as well as an atmospheric pressure, heat and the like which are to be applied to it. A shape of the 
spacer may be that of a planar plate, a cross type or an L type and the spacer may be a hole bored at a location 
corresponding to each electron source or one of a plurality of electron sources as shown in FIGS. 15A and 15B. The 
spacer 10 exhibits an effect which is more remarkable as the image forming system is larger. 

10 [0071] A material such as glass or a ceramic which has high mechanical strength and high heat resistance is suited 
for the insulating substrate 10a which must be bearable of an atmospheric pressure applied to the face plate 7 and the 
rear plate 2. When glass is used as a material for the face plate and the rear plate, it is desirable to select for the 
insulating substance 10a of the spacer the same material or a material which has a thermal expansion coefficient similar 
to that of glass to suppress thermal stresses during manufacturing the image forming system. 

15 [0072] When a glass material which contains alkali ions such as soda glass as a material for the insulating 
substrate 10a, an electrical conductivity, etc. of the electrification moderating film may be varied, for example, by Na 
ions, but it is possible to prevent the alkali ions such as Na ions from penetrating into an electrification moderating 
film 10c by forming an Na block layer 10b, which is Si nitride, Al oxide, etc., between the insulating substrate 10a and 
the electrification moderating film 10c. 

20 [0073] The electrification moderating film 10c is made of nitrides of germanium and a transition metal which is, 
for example, Ti, Cr or Ta. 

[0074] The spacer 10 is electrically connected to a metal back 6 and an X direction wire 9 (described later in 
detail) to apply a voltage which is nearly equal to an accelerating voltage Va across both ends of the spacer 10. Though 
the spacer 10 is connected to the wire in the first embodiment, it may be connected to an electrode which is formed 
25 separately. In a configuration wherein an intermediate electrode plate (grid electrode or the like) is disposed between 
the face plate 7 and the rear plate 2 to shape an electron beam or prevent an insulating portion of the substrate from 
being electrified, the spacer may run through the intermediate electrode plate or may be connected separately by way of 
the intermediate electrode plate. 

[0075] Electrodes 1 1 which are made of a good conductive material such as Al or Au and formed at both ends of the 
30 spacer are effective to enhance electrical conductivity between the electrification moderating film and the electrodes 
on the face plate and the rear plate. 

[0076] Then, description will be made of a fundamental configuration of an image forming system which uses the 
spacer 10 described above. A perspective view of a display panel using the spacer described above is shown in FIG. 2, 
wherein the display panel is partially cut off to show an internal structure. 

35 [0077] In FIG. 2 which uses reference numerals similar to those in FIG. 1, a reference numeral 2 represents a rear 
plate, a reference numeral 3 designates a side wall and a reference numeral 7 denotes a face plate: the rear plate 2, 
the side wall 3 and the face plate 7 composing an airtight vessel (enclosure 8) which maintains an interior of a display 
panel under vacuum. In assembling the airtight vessel, it is necessary to seal parts, for example, by applying frit 
glass to joints of parts and calcining them in atmosphere or a nitrogen atmosphere at 400 to 500°C for 10 minutes or 

40 longer so that the joints have sufficient strength and airtightness. The nitrogen atmosphere is more preferable since it 
does not oxidize a nitride film formed on a spacer. The method for evaluating air to make an interior of the airtight 
vessel vacuum will be described later. 

[0078] Fixed to the rear plate 2 is a substrate 13 on which cold-cathode type electron emitting elements 1 are 
formed in a number of N x M (N and M are positive integers of 2 or larger which are selected adequately depending on a 

45 desired number of display pixels. For an image forming system which is to display a high definition TV image, for 
example, it is desirable that N is not smaller than 3000 and M is not smaller than 1000). The cold-cathode type electron 
emitting elements in the number ofNxM are arranged in a simple matrix with M wires 9 in an X direction and N wires 12 
in a Y direction. A section which is composed of the cold-cathode type electron emitting elements 1, the wires 9 in the 
X direction, the wires 12 in the Y direction and the substrate 13 is referred to as a multi-electron beam source. A 

50 manufacturing method and a structure of the multi-electron beam source are described later in detail. 

[0079] Though the substrate 13 of the multi-electron beam source is fixed to the rear plate 2 of the airtight 
vessel in the first embodiment, the substrate 13 may be used as the rear plate of the airtight vessel when the substrate 
13 of the multi-electron beam source has sufficient strength. 

[0080] Furthermore, a fluorescent film 5 is formed on a bottom surface of the face plate 7. Since the first embodiment 
55 is a color image forming system, red, green and blue fluorescent substances of the three primary colors which are used 
in a field of CRT are coated separately on the fluorescent film 5. The fluorescent substances are coated in stripes and 
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[0083] Furthermore, a metal back 6 known in the field of prt i«> ^ 

which is located on a side of the rear plate TlTm£Jta*J tSZlf^- ° n 3 SUrfaC6 0f the fluorescent «"». 5 
the fluorescent film 5 on a mirror surface ^SZ^SZS^S T B ^ 3 P ° rtion of ravs emitt ^ from 
bombardment of negative ions, serves as an JSL «S ^ 1 w protects ,he fluorescent film 5 from 
conduction path for e.ec*ons which have exaSThe Zn^en, t 5 "ST "*» ** fUnC,i ° ns 

surface of the fluorescent film and vacuum deposition rfJ^TL 5 ™ V* 8 ' b3Ck 6 is formed b V a 
face plate substrate 4. The metal back 6 LH5 oTusl ih ^ a ^ the flU ° reSCent fi " n 5 is formed °" a 
used on the fluorescent film 5. Y USed when 3 fluoresc ent material for a low accelerating voltage is 

Dyi through Dyn and Hv are electrically eon^T^^ h t?J^ ( ? fc ^ 0x1 thr0U9h D - 
the wires in the Y direction of the multi-electron bp am ^, ?1 Cto " ° f ** ■""'"-e'ectron beam source, 

25 [0086] After the airtight ^^^^T^^ZT^^^ 
25 evacuating pipe (not shown) and a vacuum oumo conni!^ ? J P ^ 0 " the ° rder <* 1 P 3 ' with an 
interior of the airtight vessel vacuum™ geE SmTol ^ f ' 9n * vessel - in "*r to evacuate air to make an 
vessel to maintain the pressure in the Sght feS SvL^Sf * ^ m ,he 

evacuating pipe. The getter film is formed by L^ZSEflS? , - SUbse ^ uent ste P *> seal the 
example, of Ba by a heater or electronic heating and has aEaSbtaXS ^ 3 component for 

the airtight vessel at a level of 10* to 10" 5 [Pa] 9 ma,nte,ns an internal of 

Sof^eS^^^ 

a multi-electron beam source, it is usabte in T™* ™ in a sim P le ma ^ ■> 

a materia, and manufacturing method of the ^cSd-3 e ^ e,S TenS" 1 ? '° "T T^' inVenti0n re9ardless ° f 
= n em itt ing elements, for exam,, surface -duc^^^ 

«u^^^ a display s.een and can be 

out of the cold-cathode type electron emittino SwSI^SlP^ mg elements are Preferable in particular 

a characterise which ^^iS^^J^S^il^ ? FE **" araHBno e,ement has 
thereby requiring an extremely high manufacturing techZS wh^ IT ? "1 ""^ ° 0ne a " d 3 9ate electroda . 
having a large area and manufacture an image Zin ^sySem aTa tow rLfr ."k" 13960 " 5 to Prepare a d T SCTee " 
element requires thinning and unformalizing an nsuS UaterTn ^ ^re. the MIM type electron emitting 
d,sadvantageous to prepare a display screen having a towl^™^"™ e ' eCtr0de fi,n1 ' also oe.»g 

In contrast, the surface conduction type electro ^^^^ZS^^ M ^ 1 ^ t ^^ m ^ a ^ 
method facilitates to prepare a displaTsaeeThaving aTaroe aTea anJ ™ ? manufactured °y a relatively simple 
cost. The inventor et al. have found that a a^iSS^ ^- an im39e f0rm, ' ng System at a ,ow 
emitting portion and surroundings thereof S Ir^t T^T* ^ ^ haS an e,ec,ro " 

emitting characteristic in particular and can e£.y T e JlSSS Sin Ft* f eXCe ' ,ent in te electro " 
em.tt.ng element is most suited for use in a multi-electron I ' heref ° re be said tnat this electron 
display screen which has high brightne s anTalarrareTAcS^ ° ^ ^ SyS,em «"*P- with a 
elements which are formed from a fine particle film are uS £Z X ^ ? ndUCU ° n ^ e,ectron emittin 9 
above. Description wil. be made first of nliZZilS^J^ * ^ emM ^ described 
conduction type electron emitting element and then a mSSE T man 1 ufa f tur,n 9 metnod of a preferable surface 
number of elements are arranged h a matte of a mult.-electron beam source in which a large 
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[Preferable configuration of surface conduction type electron emitting element and manufacturing method therefor] 

[0089] A typical configuration of the surface conduction type electron emitting elements formed having an electron 
emitting portion and surrounding thereof which are formed from a fine particle film is classified into a planar surface 
type and a vertical type. 

5 

(Planar surface type surface conduction electron emitting element) 

[0090] First, description will be made of an element configuration and a manufacturing method of the planar surface 
type surface conduction electron beam emitting element. 

10 [0091] FIG. 5A is a plan view descriptive of a configuration of the planar surface type surface conduction electron 
emitting element and FIG. 5B is a sectional view of the surface conduction electron emitting element shown in FIG. 5A. 
In FIGS. 5A and 5B, a reference numeral 13 represents a substrate, a reference numerals 14 and 15 designate element 
electrodes, a reference numeral 16 denotes a conductive film, a reference numeral 17 represents an electron emitting 
portion which is formed by an energization forming processing and a reference numeral 18 designates a thin film which is 

15 formed by an energization activating processing. 

[0092] Usable as the substrate 13 is a glass substrate which is made, for example, of a glass material such as 
silica glass or green glass, a ceramic substrate which is made of a material such as alumina or a substrate on which an 
insulating layer made, for example, of Si0 2 . 

[0093] The element electrodes 14 and 15 which are disposed in parallel with a surface of the substrate 13 are made 
20 of a conductive material. A material of these electrodes are adequately selectable, for example, from among metals such 
as Ni, Cr t Au, Mo, W, Pt, Ti, Cu, Pd and Ag, alloys of these metals, metal oxides such as In 2 0 3 -Sn0 2 and semiconductors 
such as polystlicon. These electrodes can easily be formed by combining a film forming technique such as vacuum 
deposition with a patterning technique such as photolithography or etching and may be formed by another method (for 
example, a printing technique). 

25 [0094] Shapes of the element electrodes 14 and 15 are adequately configured in accordance with a purpose of 
application of the electron emitting elements. Though the electrodes are generally configured to reserve an adequate gap 
within a range from scores of nanometers to scores of micrometers, a gap within a range from several micrometers to 
scores of micrometers is preferable to apply the element electrodes to the image forming system. Furthermore, a 
thickness d of the element electrodes is generally adequately selected within a range from several tens of nanometers to 

20 several micrometers. 

[0095] A fine particle film is used as the thin conductive film 16. The fine particle film described herein is a 
film which contains a large number of fine particles (including island-like assemblies) as its components. A microscopic 
inspection of a fine particle film ordinarily permits observing a structure wherein fine particles are arranged apart 
from one another, adjacent to one another or overlapped with one another. 

35 [0096] Though particle sizes of the fine particles contained in a fine particle film are included within a range 
from 1/10 of several nanometers to hundreds of nanometers, it is preferable that the fine particle film which is to be 
used as the thin conductive film 16 has a particle size within a range from 1 nm to 20 nm. Conditions which are taken 
into consideration to determine a thickness of the fine particle film are: a condition required to make favorable 
electric connection from the conductive film 16 to the element electrode 14 or 15, a condition required to favorably 

40 perform an elecroforming processing described later and a condition required to set electric resistance of the fine 
particle film itself at an adequate value described later. Speaking concretely, the thickness is set within a range from 
1/10 of several nanometers to hundreds of nanometers, preferably within a range from 1 nm to 50 nm. 
[0097] A material to be used for forming the fine particle film is selected adequately, for example, from among 
substances mentioned below: metals such as Pd, Pt, Ru, Ag, Au, Ti, In, Cu, Cr, Fe, Zn, Sn, Ta, W and Pb, oxides such as 

45 PdO, Sn0 2 , ln 2 0 3 , PbO and Sb^, borides such as HfB 2 , ZrB 2 , LaB 6 , CcB 6 , YB 4 and GdB 4 , carbides such as TiC, ZrC, 
HfC, TaC. SiC and WC, nitrides such as TiN, ZrN and HfN, semiconductors such as Si and Ge, and carbon. 
[0098] The conductive film 16 which is formed from the tine particle film as described above has sheet resistance 
within a range from 10 3 to 10 7 [ohms/sq]. 

[0099] Since it is desirable to establish favorable electrical connection between the thin conductive film 16 and 
50 the element electrodes 14 and 15, these members are configured to be partially overlapped with each other. These 
members are overlapped in an order from an underside of the substrate, the element electrodes and the thin conductive 
film in an example shown in FIGS. 5A and 5B, but may be overlapped in the order from the underside of the substrate, the 
thin conductive film and the element electrodes. 

[0100] The electron emitting portion 17 is a crack-like portion which is formed in a portion of the thin conductive 
55 film 16 and has electrical resistance which is higher than that of the conductive film which surrounds the electron 
emitting portion. The crack is formed by energization forming processing of the thin conductive film 16 described later. 
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milliseconds respectively in a vacuum atmosphere on the order of 10* 3 Pa, and the crest value Vpf was enhanced at a step 
of 0.1 V for each pulse. The monitor pulse Pm was interposed each time five triangular pulses were applied. A voltage 
Vpm of the monitor pulse was set at 0.1 V so that it produced no adverse influence on the forming processing. The 
voltage application for the forming processing was terminated at a stage where electrical resistance between the element 
electrodes 14 and 15 was 1 x 10 s ohms, or the ammeter 20 reads 1 x 10" 7 A or low while the monitor pulse is applied. 
5 The method described above is preferable for the surface conduction type electron emitting element adopted for the 

first embodiment, and it is desirable to adequately modify the conditions for the voltage application dependency on 
modifications of design of the surface conduction type electron emitting element, for example, the material and 
thickness of the fine particle film or the interval L between the element electrodes. 

10 4) Then, an electron emitting characteristic was improved by the energization activating processing, or applying an 

adequate voltage across the element electrodes 14 and 15 from an activation power source 21 as shown in FIG. 6D. 

[0108] The energization activating processing is carried out to deposit carbon or carbide in the vicinity of the 
15 electron emitting portion 17 formed by the energization forming processing described above by applying a voltage to the 
electron emitting portion 17 under an appropriate condition. A deposit composed of carbon or carbide is schematically 
shown as a member 18 in FIG. 6D. The energization activating processing is capable of enhancing an emitting current at 
the same application voltage typically 100 or more times as high as that before the processing. 

[0109] Speaking concretely, carbon or carbide obtained from an organic compound existing in a vacuum atmosphere 
20 is deposited by applying voltage pulses at regular intervals in a vacuum atmosphere within a range from 10" 1 to 10 -4 Pa. 
The deposit 18 is made of single-crystal graphite, polycrystalline graphite, noncrystalline carbon or a mixture thereof 
and has a thickness not larger than 50 nm, more preferably not larger than 30 nm. 

[0110] To describe the voltage application method, FIG. 8A exemplifies a waveform of an adequate voltage to be 
applied from the activation power source 21. In the first embodiment, rectangular waves at a constant voltage were 

25 applied for the energization activating processing. Speaking concretely, a voltage Vac of 14V, a pulse width T 3 of 1 
millisecond and a pulse interval T 4 of 10 milliseconds were selected for the rectangular waves. These conditions for the 
voltage application described above are preferable for the surface conduction type electron emitting element used in the 
first embodiment and it is desirable to adequately modify the conditions dependency on modifications of the 
specifications for the surface conduction type electron emitting element. 

30 [0111] In FIG. 6D, a reference numeral 22 represents an anode electrode which is disposed to capture a current le 
discharged from the surface conduction type electron emitting element, and connected to a DC high voltage power source 
23 and an ammeter 24. When an activating processing is to be carried out after the substrate 13 is assembled in the 
display panel, a fluorescent surface of the display panel is used as the anode electrode 22. 

[0112] During the voltage application from the activation power source 21, operations of the activating electrode 
35 21 is controlled while measuring the discharge current le with the ammeter 24 to monitor a proceeding condition of the 
energization activating processing. An example of the discharge current le measured by the ammeter 24 is shown in FIG. 
8B, wherein the discharge current le increased with time lapse after starting the pulse voltage application from the 
activating power source 21, but is soon saturated and not enhanced. At a time when the discharge current le is nearly 
saturated, the voltage application from the activating power source 21 is stopped to terminate the energization 
40 activating processing. 

[0113] The conditions for the voltage application described above are preferable for the surface conduction type 
electron emitting element used in the first embodiment and it is desirable to adequately modify the conditions 
dependency on modifications of the specifications for the surface conduction type electron emitting element. 
[0114] A planar surface type surface conduction electron emitting element shown in FIG. 6E was manufactured as 
45 described above. 



(Vertical type surface conduction electron emitting element) 



[0115] FIG. 9 shows a surface conduction type electron emitting element which has another typical configuration, 
50 that is, a vertical type surface conduction element emitting element, wherein an electron emitting portion and 
surroundings thereof are composed of a fine particle film. A schematic sectional view descriptive of a fundamental 
configuration of the vertical type is shown in FIG. 9, wherein a reference numeral 25 represents a substrate, a 
reference numerals 26 and 27 designate element electrodes, a reference numeral 28 denotes a step forming member, a 
reference numeral 29 represents a thin conductive film comprising the fine particle film, a reference numeral 30 
55 designates an electron emitting portion which is formed by the energization forming processing and a reference numeral 
31 denotes a thin film which is formed by the energization activating processing. 
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[0128] 
[0129] 



conduction type electron sources 1 which were not formed were formed first on the rear plate 2. Used as the rear plate 2 
was a cleaned green glass plate, on which the surface conduction type electron emitting element shown in FIG. 12 was 
formed in a number of 160 x 720 in a form of a matrix. The element electrodes 14 and 15 were formed by the Ni 
sputtering, whereas the wiring electrodes 9 in the X direction and the wiring electrodes 12 were Ag wires formed by the 
screen printing method. The thin conductive film 16 was a PdO fine particle film obtained by calcining a solution of a 
5 Pd amine complex. 

[0130] Adopted as an image forming member was a fluorescent film 5 on which stripes of fluorescent substances 5a in 
different colors extended in the Y direction as shown in FIG. 4A was, and black belts 5b were disposed not only between 
the fluorescent substances 5a but also in the X direction to separate pixels from one another in the Y direction and 
reserve a space to dispose the spacer 10. The black belts (conductors) 5b were formed first and then the fluorescent film 
10 5 was formed by applying the fluorescent substances 5a to gaps between the black belts. Selected as a material for the 
black stripes (black belts 5b) was a material which was generally used and contained graphite as a principal component. 
The fluorescent substances 5a were applied to the glass substrate 4 by the slurry method. 

[0131] After formation of the fluorescent film 5, a smoothing treatment (generally referred to as filming) of an 
inside surface of the fluorescent film 5 was carried out and then the metal back 6 provided inner than the fluorescent 
15 film 5 (electron source side) was formed by vacuum deposition of Al. Though a transparent electrode may be disposed in 
face plate 7 outside the fluorescent film 5 (between the glass substrate and the fluorescent film) to enhance a 
conductivity of the fluorescent film 5, such a transparent electrode was omitted in the first embodiment wherein a 
sufficient conductivity of the fluorescent film 5 was obtained only with the metal back. 

[0132] The spacer 10 was formed by forming a film of silicon nitride 0.5 urn as an Na blocking layer 10b on an 
20 insulating substrate 10a (3.8 mm high by 200 pm thick by 200 mm long) composed of a cleaned soda lime glass sheet, and 
forming nitride film 10c of Cr and Ge on the Na blocking layer 10b by a vacuum film forming method. 
[0133] The nitride film of Cr and Ge used in the first embodiment was formed by sputtering targets of Cr and Ge at 
the same time in a mixture atmosphere of argon and nitrogen using a sputtering system. 

[0134] The sputtering system was configured as shown in FIG. 13. In FIG. 13, a reference numeral 41 represents a 
25 sputtering chamber, a reference numeral 42 designates a spacer member, reference numerals 43 and 44 denote the 
targets of Cr and Ge respectively, reference numerals 45 and 47 represent high frequency power sources which apply high- 
frequency voltages to the targets 43 and 44 respectively, reference numerals 46 and 48 designate matching boxes, and 
reference numerals 49 and 50 denote introduction pipes to introduce argon and nitrogen. 

[0135] A back pressure was 2 x 10" 5 Pa in the sputtering chamber. A mixture gas of argon and nitrogen was flowed 
30 to keep a partial pressure of nitrogen at 30% during the sputtering. A total pressure of the sputtering gas was 0.45 Pa. 
The nitride film of Cr and Ge was formed by applying high-frequency voltages of 13 W and 15 W to the Cr target and the 
Ge target respectively, and adjusting a sputtering time. 

[0136] Three kinds of nitride films of Cr and Ge were manufactured: a film 45 nm thick having specific resistance 
of 2.5 nm as depo, a film 200 nm thick having specific resistance of 3.5 x 10 3 nm as depo and a film 80 nm thick having 

35 a 

specific resistance of 5.2 x 1 0 6 nm as depo. 

[0137] The resistance of the spacer (for withstanding atmospheric pressure) is measured according to a method as 
follows: 

[0138] The spacer contacts electrodes at both sides (one end at the face plate side and the other at the rear plate 
40 side), or at sections in the vicinity of the ends. Then, D.C. voltage Vi (100V) is supplied thereto so that an electric 
field is applied in the same direction as that at mounting it within the display. Within the atmosphere is at a pressure 
lower than 10" 5 Torr, it is shielded from light, at temperature 20°C, the measurement was performed. As the electrodes 
contact the spacer, stainless steel plate mirror polished by electrolytic polishing is used, in a manner that the spacer 
was sandwiched between pair of the stainless steel plates. Alternately, probe electrode may be used in a manner that the 
45 probe electrode contacts both ends of the spacer or in the vicinity thereof. In case of measurement wherein the spacer 
is mounted within the display device, the ends of the spacer pushes the panel of the display device. In order to prevent 
such pushing, the probe contacts, in the vicinity of spacer end, the wiring or metal back which is a conductive member 
for conducting to the spacer end. The wiring or the metal back has a resistance sufficiently lower than the resistance 
of the spacer. There was no problem even if the electrode for measurement does not contact directly to the spacer end. 
50 [0139] Thus, a current li flowing between the measurement electrodes is measured. According to a following 
generalized equation (1), the resistance Ri of the spacer is calculated: 

Ri = Vi/li [n] (1) 

[0140] Based on the sheet resistance Ri of the spacer, a sheet resistance Rsi and a volume resistance pi are 
55 calculated from following equations (2) and (3): 



Rsi = Rj x w/d [Qfr] (2) 
pi =Ri x s/d [Ocm] (3) 
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dimensions in rows at equal intervals, thereby making it possible to display a clear image with a high reproducibility. 
This fact indicates that the spacer 10 which was disposed in position did not disturb an electric field to result in an 
influence on orbits of the electrons and was not electrified. The material of the spacer had a thermal coefficient of 
resistance of -0.8% and did not allow the thermal runaway even at a voltage level of Va = 5 kV. 

[0156] The spacer which had the specific resistance of 2.5 nm allowed voltages up to 2 kV though power 
5 consumption attained nearly to 1 W at Va = 2 kV. The spacer which had the high specific resistance of 5.2 x 10 6 nm 
exhibited a low electrification preventive effect and allowed an image to be disturbed in the vicinity of the spacer by 
an electron beam attracted by the spacer though it did not cause the thermal runaway and was capable of displaying the 
image. 

[0157] XPS (X-ray photoelectron spectrometry) of nitrization ratios (atomic concentrations of germanium composing 
10 germanium nitride/atomic concentrations of germanium) of the spacers indicated 70, 65 and 58%. 

(Comparative Example) 

[0158] As a comparative example, a conductive film was formed by a method similar to that described above using 
15 Sn0 2 in place of the nitride film of Cr and Ge (resistance value 6.7 x 10 8 n as depo, thickness 5 nm). Sputtering was 
carried out using the sputtering system shown in FIG. 13 and an Sn0 2 target in place of a metal target. The film was 
formed for 5 minutes using argon at a total pressure of 0.5 Pa and while applying a voltage of 500 W. 
[0159] A resistance value of the conductive film 10c was remarkably varied at an assembling step. After completing 
the assembling step, specific resistance was 9.2 x 10* 2 nm and resistance value was 1.8 x 10 6 n, thereby making it 
20 impossible to enhance the voltage Va up to 1 kV. That is, the comparative example allowed resistance to be varied 
remarkably and at inconstant rates at a stage to manufacture a spacer, thereby allowing resistance to be remarkably 
variable after manufacturing or incapable of controlling resistance with precision. Furthermore, the specific resistance 
value of Sn0 2 obliged to form a film to have an extremely small thickness not larger than 1 nm, thereby making it more 
difficult to control resistance. 

25 

(Second Embodiment) 

[0160] Different from the first embodiment, the second embodiment used a nitride film of Ta and Ge in place of the 
nitride film 10c of Cr and Ge of the spacer 10. The nitride film of Ta and Ge used in the second embodiment was formed 

30 by sputtering a Ta target and a Ge target at the same time in a mixture atmosphere of argon and nitrogen using a 
sputtering system. The sputtering system was that shown in FIG. 13. A sputtering chamber had a back pressure of 
2 x 10" 5 Pa. A mixture gas of argon and nitrogen was flowed during the sputtering to keep a partial pressure of nitrogen 
at 30%. The sputtering gas had a total pressure of 0.45 Pa. The nitrogen film of Ta and Ge was formed by applying a high- 

35 frequency voltage of 1 50 W to each of the Ta target and the Ge target while adjusting a sputtering time. 

[0161] The nitride film 10c of Ta and Ge formed as described above had a thickness of approximately 200 nm and 
specific resistance of 8.4 x 1 0 3 nm. The film had a thermal coefficient of resistance of -0.6%. 

[0162] An image forming system was manufactured using the spacer 10 described above and evaluated like the first 
embodiment. An application voltage Va to the high voltage terminal Hv was set at 1 kV to 5 kV, and an application 
40 voltage Vf across element electrodes 14 and 1 5 was 14 kV. 

[0163] Resistance values of the spacer which were measured before assembling the spacer (as depo), after sealing it 
to a face plate, after sealing it to a rear plate, after evacuating it and energization forming the element electrodes 
remained substantially the same throughout all the assembling steps. 

[0164] Furthermore, measurements of resistance values of minute portions of the spacer 10 from the vicinities of 
45 the rear plate to the vicinities of the face plate indicated no locational variation even after completing all the 
assembling steps and the film had a uniform resistance value as a whole. Glowing spots including those which were formed 
by electrons emitted from electron emitting elements 1 which were disposed at locations near the spacer 10 were formed 
in two dimensions at equal intervals, thereby making it possible to display a clear color image with a high 
reproducibility. This fact indicated that the spacer 10 did not cause such a disturbance as to produce influences on 
50 orbits of the electrons and that the spacer 1 0 was not electrified. 

(Third Embodiment) 
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[0165] The third embodiment used a nitride film of Ti and Ge in place of the nitride film of Cr and Ge used in the 
first embodiment. The nitride film of Ti and Ge used in the third embodiment was formed by sputtering targets of Ti and 
Ge at the same time in a mixture atmosphere of argon and nitrogen using a sputtering system. The sputtering system was 
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(Fourth Embodiment) 
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(Fifth Embodiment) 

[0177] The fifth embodiment used a film of Wanriro^ 

W and Ge compound ,n place of the nitride film of Cr and Ge 10c which 



was used in the first embodiment. The nitride film of W and Ge used in the fifth embodiment was formed by sputtering a W 
target and a Ge target at the same time in a mixed atmosphere of argon and nitrogen using a sputtering system. The 
sputtering system was that shown in FIG. 13. The sputtering chamber has a back pressure of 2 x 10" 6 Pa. During the 
sputtering, a mixture gas of argon and nitrogen was flowed to keep a partial pressure of nitrogen at 30%. The sputtering 
gas had a total pressure of 0.45 Pa. The nitride film of W and Ge was formed by applying high-frequency voltages of 12 W 
5 and 1 50 W to the W target and the Ge target respectively while adjusting a sputtering time. 

[0178] A nitride film of W and Ge 10c thus formed was approximately 200 nm thick and had specific resistance of 
5.0 x 10 3 nm. The nitride film had a thermal coefficient of resistance of -0.4%. 

[0179] An image forming system was manufactured using a spacer 10 having the nitride film described above and 
evaluated as in the first embodiment. 
10 [0180] The application voltage Va to the high voltage terminal Hv was set at 1 kV to 5 kV, and the application 
voltage Vf across the element electrodes 14 and 15 was set at 14 V. 

[0181] Resistance values of the spacer which were measured before assembling the spacer (as depo), after sealing it 
to the face plate, after sealing it to the rear plate, after evacuating it and after energization forming the element 
electrodes remained substantially unchanged throughout all the assembling steps. 

15 [0182] Furthermore, measurements of resistance values of minute portions of the spacer 10 from the vicinities of 
the rear plate to the vicinities of the face plate indicated no locational variation and the film had a uniform 
resistance value as a whole even after completing all the assembling steps. Glowing spots including those which were 
formed by electrons emitted from the electron emitting elements 1 which were disposed at locations near the spacer 10c 
were formed at equal intervals in two dimensions, thereby allowing a clear image to be displayed with a high 

20 reproducibility. This fact indicated that the spacer 10 did not cause such a disturbance as to produced influences on 
orbits of the electrons and that the spacer 10 was not electrified. 



(Sixth Embodiment) 

25 [0183] The sixth embodiment used as electron emitting elements field emission type elements which are a kind of 
cold-cathode emission elements. 

[0184] FIG. 16 is a schematic sectional view showing mainly a spacer and an electron source of an image forming 
system preferred as the sixth embodiment. In FIG. 16, a reference numeral 62 represents a rear plate, a reference 
numeral 63 designates a face plate, a reference numeral 61 denotes a cathode, a reference numeral 66 represents a gate 

30 electrode, a reference numeral 67 designates an insulating layer between the gate electrode and the cathode, a reference 
numeral 68 denotes a focusing electrode, a reference numeral 64 represents a fluorescent substance, a reference numeral 
69 designates an insulating layer between the focusing electrode and the gate electrode, and a reference numeral 70 
denotes a wire for the cathode. A reference numeral 65 represents a spacer which is composed of an insulating substrate 
which is covered with a nitride film of tungsten and germanium formed by the sputtering method. 

35 [0185] The electron emitting elements function to emit electrons from a tip of the cathode 61 when a high voltage 
is applied across the tip of the cathode 61 and the gate electrode 66. The gate electrode 66 has an electron passing 
port to allow electrons emitted from a plurality of cathodes to pass through the gate electrode 66. Electrons which have 
passed through the port of the gate electrode are focused by the focusing electrode 68, accelerated by an electric field 
produced by an anode disposed on the face plate 63 and bombard pixels of the fluorescent substance corresponding to 

40 the cathode to glow the fluorescent substance. A plurality of gate electrodes 66 and a plurality of cathode wires 70 are 
arranged in a matrix so that a cathode is selected by an input signal and electrons are emitted from the selected cathode. 
[0186] The cathodes, the gate electrode, the focusing electrode, the wires for cathodes and son on are manufactured 
by known methods, and the cathodes are made of Mo. The spacer substrate is composed of a green glass plate 200 mm 
long by 3.8 mm wide by 0.2 mm thick, and a nitride film of tungsten and germanium 200 nm thick is formed on the spacer 

45 substrate by a method similar to those used in the fifth embodiment. The spacer 65 is cemented to the focusing electrode 
68 with a conductive frit glass material. To lower contact resistance, an aluminium film 100 pm thick is deposited on a 
portion of the spacer 65 which is to be brought into contact with the focusing electrode or the fluorescent substance. 
[0187] The nitride film of tungsten and germanium and the spacer used in the sixth embodiment had specific 
resistance values of 7.9 x 10 3 nm and 3.7 x 10 9 nm respectively. 

50 [0188] After cementing the spacer to the rear plate 62 and forming a layer of the fluorescent substance 64 on the 
face plate 63, the rear plate 62 and the face plate 63 were positioned and sealed each other with frit glass in nitrogen 
atmosphere, thereby manufacturing an airtight vessel. An interior of this airtight vessel was baked at 250°C for 10 
hours while evacuating it though an exhaust pipe. Then, the airtight vessel was evacuated to 10" 5 Pa and sealed by 

55 soldering the exhaust pipe with a gas burner. Finally, a getter processing was carried out by a high-frequency heating 
method to maintain a vacuum pressure after the sealing. 

[0189] An image was formed on an image forming system manufactured as described above by applying signals from 
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(Seventh Embodiment) 

[Method to calibrate film surface composition] 
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[0196] it is preferable to select 

a ratio Cr/(AI ♦ Ge) of 5 at.% to 18 at.% (atomic %) 
a ratio Ti/(AI ♦ Ge) of 24 at/% to 40 at.% (atomic %, 
a ratio Ta/(AI ♦ Ge) of 36 at.% to 50 at.% (atomic %) 
a ratio Mo/(AI ♦ Ge) of 3 at.% to 18 at.% (atomic %) 
a ratio of W/(AI ♦ Ge) of 3 at.% to 20 at.% (atomic %) 
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Compositions were adjusted by varying powers applied to the targets, thereby obtaining optimum resistance. 
[0200] Describing in detail, pressures and power for the gases were: 

Ar = 2.4 mTorr/N 2 s 0.6 mTorr, Cr = 18 W, AI = 600 W and Ge = 45 W. The substrate was kept at room temperature 
and grounded. 

[0201] The sputtering system is shown in FIG. 17. In FIG. 17, a reference numeral 41 represents a film forming 

5 chamber, a reference numeral 42 designates a spacer member, reference numerals 43, 44 and 1701 denote targets of Cr, 
AI and Ge respectively, reference numerals 45, 47 and 1703 represent high-frequency power sources to apply high- 
frequency voltages to the targets 43, 44 and 1701 respectively, reference numerals 46, 48 and 1702 designate matching 
boxes to match impedance, and reference numerals 49 and 50 denote inlet pipes to introduce nitrogen. The sputtering was 
carried out by introducing argon and nitrogen into the film forming chamber 41 at the partial pressured specified above, 

10 and applying a high-frequency voltage across the targets 43, 44, 1701 and the spacer member 42 for electric discharge. 

[0202] The nitride film of the alloy of Cr, AI and Ge was 200 nm thick, and had specific resistance of 2.4 x 10 3 flm, a 
Cr/(AI + Ge) composition ratio of 7 at.% (atomic %) and a Ge/AI composition ratio of 18 at.% (atomic %). 
[0203] An image was displayed on an image forming system which was manufactured as in the first embodiment by 
applying scanning signals and modulation signals from signal generators (not shown) by way the external 

15 terminals through and D y1 through Dy„ to the electron emitting elements 1 to emit electrons, applying a high 
voltage to the metal back 6 by way of the high voltage terminal Hv to accelerate the emitted electron beams and 
bombarding the electrons to the fluorescent film 5 to excite and glow the fluorescent substances. The application 
voltage Va to the high voltage terminal Hv was set at 1 kV to 5 kV, and the application voltage Vf to across the element 
electrodes 14 and 15 was set at 14 V. 

20 [0204] Glowing spots including those which were formed by electrons emitted from the electron emitting elements 1 
disposed at locations near the spacer were formed at equal intervals in two dimensions, thereby allowing a clear image 
to be displayed with a high reproducibility. This fact indicated that the spacer 10 did not cause such a disturbance as 
to produce influences on orbits of the electrons and that the spacer 10 was not electrified. The material had a thermal 
coefficient of resistance of -0.5% and allowed the thermal runaway to occur even at Va = 5 kV. 

25 [0205] The electrification preventive film 10c of the spacer 10 had a resistance value of 1.1 x 10 9 o before it was 
assembled, 1 .0 x 1 0 9 n after it was sealed to the pace plate 7 and the rear plate 2, and 1 .3 x 1 0 9 ft after the evacuation, 
and 1.4 x 10 9 fi after energization forming the element electrodes. This indicated that the nitride film of the alloy of 
Cr, AI and Ge was remarkably stable and suited as an electrification preventive film. 

30 [0206] Furthermore, XPS (X-ray photoelectron spectroscopy) of a surface which was conducted on the spacer 10 in 
its disassembled condition indicated that Cr and Ge were in the form of oxides, whereas aluminium nitride and aluminium 
oxide were mixed on the surface at a ratio of the nitride ([atomic concentration of nitrogen composing aluminium 
nitride]/[atomic concentration of aluminium]) of 51 to 55%. 

35 (Comparative Example) 

[0207] in a comparative example wherein Sn0 2 was used in place of the nitride film of the alloy of Cr, AI and Ge 
on the conductive film 10c, its resistance value was remarkably varied at the assembling steps. After completing all the 
assembling steps, specific resistance was 9.5 ncm and a resistance value was 4.1 x 10 6 o, thereby making it impossible 

40 to enhance the application voltage Va to 1 kV. That is, resistance was remarkably changed at inconstant rates at a step 
to manufacture a display, whereby resistance was remarkably variable and could not be controlled precisely after 
completing the assembling steps. The specific resistance value of Sn0 2 obliges to a nitride film to be configured to 
have an extremely small thickness not larger than 1 nm, thereby making it more difficult to control resistance. 
[0208] The film was formed by sputtering a target of Sn0 2 in a mixture atmosphere of oxygen and argon using 

45 the sputtering system adopted in the first embodiment. Speaking in detail, sputtering conditions were: 

Ar 0.8 mTorr/0 2 0.2 mTorr, Sn0 2 = 100 W, substrate grounded at room temperature. The film had a thickness of 2.2 
nm. Resistance values were 2.7 x 10 9 n before the spacer was assembled, 4.4 x 10 5 Q after it was sealed to the face 
plate and the rear plate and 1.8 x 10 6 Q after it was evacuated and 4.1 x 10 6 n after the element electrodes were 
electroformed. 

50 

(Eighth Embodiment) 

[0209] Different from the seventh embodiment, the eighth embodiment used a nitride film of an alloy of Ta, AI and 
Ge in place of the nitride film 10c of Cr, AI and Ge of the spacer 10. Like the nitride film used in the seventh 
55 embodiment, the nitride film of the eighth embodiment was formed in gas pressure and power conditions: Ar = 2.4 mTorr/N 
2 = 0.6 mTorr, Ta = 200 W, AI = 500 W and Ge = SOW. The nitride film 10c of the alloy of Ta, AI and Ge had a thickness 



of approximately 230 nm and specific resistance of 5 2 x 1 0 3 n 
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(Ninth Embodiment) 
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(Tenth Embodiment) 



[0223] The tenth embodiment used a nitride film of an alloy of Mo, Al and Ge in place of the nitride film of the 
alloy of Cr, Al and Ge which was adopted in the seventh embodiment. Like the nitride film adopted in the seventh 
embodiment, the nitride film used in the tenth embodiment was formed in conditions: 

Ar = 2.4 mTorr/N 2 = 0.6 mTorr, Mo = 10 W, Al = 500 W and Ge = 25 W (RF). The nitride film of the alloy of Mo, Al 
and Ge 10c had a thickness of approximately 250 nm and specific resistance of 5.3 x 10 3 Qm. 

Furthermore, it had a thermal coefficient of resistance of -0.3%. and Mo/(AI + Ge) composition ratio of 6 at.% (atomic %) 
and a Ge/AI composition ratio of 13 at.% (atomic %). 

[0224] Using the spacer 10 described above, an image forming system was manufactured and evaluated as in the 
seventh embodiment. 

[0225] The application voltage Va to the high voltage terminal Hv was set at 1 kV to 5 kV, and the application 
voltage across the element electrodes 14 and 15 was set at 14 V. 

[0226] Resistance values which were measured at steps before assembling the spacer, after sealing it to the face 
plate, after sealing it to the rear plate, after evacuating it and after energization forming the element electrodes 
remained substantially unchanged throughout all the steps. Speaking concretely, the resistance values were 
2.0 x 10° CI before assembling the spacer, 1.4 x 10 9 a after sealing it to the face plate and the rear plate, 
1.9 x 10 9 o after evacuating it, and 2.4 x 10 9 n after energization forming the element electrodes. 

[0227] Furthermore, measurements of resistance values of minute portions of the spacer 10 from the vicinities of 
the rear plate to the vicinities of the face plate indicated no local variations and the nitride film has a uniform 
resistance value as a whole even after completing all the assembling steps. 

[0228] Glowing spots including those which were formed by electrons emitted from the electron emitting elements 1 
disposed at locations near the spacer 10 were formed in rows at equal intervals in two dimensions, thereby allowing a 
clear color image to be displayed with a high color reproducibility. This fact indicated that the spacer 10 did not cause such 
a disturbance as to produce influences on orbits of the electrons and that the spacer 10 was not electrified. 
[0229] Furthermore, XPS (X-ray photoelectron spectroscopy) of a surface which was conducted on the spacer in its 
disassembled condition indicated that Mo and Ge were oxides, whereas aluminium nitride and aluminium oxide were mixed 
on the surface at a ratio of the nitride ([atomic concentration of nitrogen composing aluminium nitride]/[atomic 
concentration of aluminium]) of 56 to 61 %. 

(Eleventh Embodiment) 

[0230] The eleventh embodiment used a nitride film of an alloy of W, Al and Ge in place of the nitride film of the 
alloy of Cr, Al and Ge adopted in the seventh embodiment. Like the nitride film adopted in the seventh embodiment, the 
nitride film used in the eleventh embodiment was formed in conditions: 

Ar = 2.4 mTorr/N 2 = 0.6 mTorr, W = 18 W, Al = 200 W and Ge = 200 W (RF). 
[0231] The nitride film of the alloy of W, Al and Ge 10c had a thickness of approximately 210 nm and specific 
resistance of 6.2 x 10 3 nm. Furthermore, it had a thermal coefficient of resistance of -0.5%, a W/(AI + Ge) composition 
ratio of ml 1 at.% (atomic %) and a Ge/AI composition ratio of 180 at.% (atomic %). 

[0232] Using the spacer 10 described above, an image forming system was manufactured and evaluated as in the 
seventh embodiment. 

[0233] The application voltage Va to the high voltage terminal Hv was set at 1 kV to 5 kV, and the application 
voltage Vf across the element electrodes 14 and 1 5 was set at 14 V. 

[0234] Resistance values which were measured at steps before assembling the spacer, after sealing it to the face 
plate, after sealing it to the rear plate, after evacuating it and after energization forming the element electrodes 
remained substantially unchanged through out the assembling steps. The resistance values were 2.8 x 10 9 fi before 
assembling the spacer, 2.2 x 10 9 n after sealing it to the face plate and the rear plate, 2.9 x 10° o after evacuating it, 
and 3.4 x 1 0 9 n after energization forming the element electrodes. 

[0235] Furthermore, measurements of resistance values of minute portions of the spacer 10 from the vicinities of 
the rear plate to the vicinities of the face plate indicated no locational variation and the nitride film had a uniform 
resistance value as a whole even after completing all the assembling steps. 

[0236] Glowing spots including those which were formed by electrons emitted from the electron emitting elements 1 
disposed at locations near the spacer 10 were formed in rows at equal intervals in two dimensions, thereby allowing a 
clear color image to be reproduced with a high color reproducibility. 

[0237] This high color reproducibility indicates that the spacer 10 did not cause such a disturbance as to produce 
influences on orbits of the electrons and that the spacer 10 was not electrified. 

[0238] Furthermore, XPS (X-ray photoelectron spectroscopy) of a surface which was conducted on the spacer in its 
disassembled condition indicated that W and Ge were in the form of oxides, whereas aluminium nitride and aluminium 



10 



15 



20 



25 



30 



35 



40 



T™ZTZZZw£^ of ([atomic roncentrafon of nitra9en a,umi "- "ww-o* 

a high melting point and high hardness ftaSTSdS?! h TSf^- Th,S n,tnde fi,m a,so has 
optional resistance value by adiusBnTS cSSSiSJtS luT & ^ The **** film ran have an 

materials, whereas transit*. ^ meSs are 00^ ^!?!^ tk T ? I** 8 a " d 9 ermanium n ««'°e are insulating 

proves a iter*, m»^»£7aMM? T ' eS ' S,an ' :e assembling steps and 

of suppressing distunSS T*Sh2£J Si? "f" a ""'" n3 " 9,6 miM °" * 

eubsteaeee bombarded «I 2.0^6-=!?^ ^ , , J *"""• " eVMn9 local,ons * 
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[0249] The electrification moderating film formed in the twelfth embodiment had a specific resistance values of 7.2 x 10 
3 nm after it was formed, 8.5 x 10 3 nm after it was assembled, 8.3 x 10 3 n after it was evacuated, and a thermal 
coefficient of resistance of -0.6%. 

[0250] As understood from the foregoing description, it is possible by using a germanium compound to obtain an 
electrification moderating film which can hardly be electrified or is liable to be less electrified. Furthermore, use of a 
germanium compound makes it possible to obtain a film which has a preferable reproducibility. Furthermore, use of a 
germanium compound makes it possible to obtain a film having high stability. Accordingly, use of a germanium compound 
makes it possible to configure an electron beam system which is less affected by electrification. 

[0251] The present invention discloses a film comprising at least a compound of germanium as a film structure 
capable of suppressing influence of electrification. It also discloses an electron beam system, particularly an image 
forming system, using a member having the film comprising at least a compound of germanium. It further discloses a 
manufacturing method of the image forming system. 

Claims 

1 . An electrification moderating film comprising at least a compound of germanium. 

2. The electrification moderating film according to claim 1, characterized in that said compound of germanium is a 
nitrogen compound of germanium. 

3. The electrification moderating film according to claim 1, characterized in that said compound of germanium is an 
oxygen compound of germanium. 

4. The electrification moderating film according to claim 1, characterized in that said compound of germanium is a 
nitrogen compound which contains a transition metal and germanium. 

•> 

5. The electrification moderating film according to claim 4, characterized in that said transition metal is at least 
one of chromium, titanium, tantalum, molybdenum and tungsten. 

6. The electrification moderating film according to claim 1, characterized in that said compound of germanium is a 
nitrogen compound which contains a transition metal, aluminium and germanium. 

7. The electrification moderating film according to claim 6, characterized in that said transition metal is at least 
one of chromium, titanium, tantalum, molybdenum and tungsten. 

8. The electrification moderating film according to claim 1, characterized in that said compound of germanium is a 
nitride of germanium and said electrification moderating film has a nitrization ratio of germanium not lower than 50%. 

9. The electrification moderating film according to claim 1, characterized in that said compound of germanium is a 
compound of nitrogen which contains a transition metal and germanium, and said electrification moderating film has a 
nitrization ratio of germanium not lower than 50%. 

10. The electrification moderating film according to claim 1, characterized in that said compound of germanium is a 
compound of nitrogen which contains a transition metal, aluminium and germanium, and said electrification moderating 
film has a nitrization ratio of an aluminium surface not lower than 35%. 

11. The electrification moderating film according to claim 1 comprising a second layer which contains said compound of 
germanium and a first layer which contains at least a metal. 

12. The electrification moderating film according to claim 11, characterized in that said first layer and said second 
layer are laminated. 

1 3. The electrification moderating film according to claim 1 1 or 12, characterized in that said metal is a transition metal. 

14. The electrification moderating film according to any one of claims 11 through 13, characterized in that said metal 
is at least one of iron, cobalt, copper and ruthenium. 



15. The electrification moderating film according to any one of claims 11 through 14, characterized in that said first 
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resistance is negative. 



32. The electrification moderating film according to claim 6 or 7 or 21, characterized in that said compound of 
germanium is a nitrogen compound which contains a transition metal, aluminium and germanium, and a layer which 
contains at least said nitrogen compound containing the transition metal, aluminium and germanium has a thermal 
coefficient of resistance not higher than 1 % in absolute. 

33. The electrification moderating film according to claim 32, characterized in that said thermal coefficient of 
resistance is negative. 

34. The electrification moderating film according to any one of claims 11 through 16 or 22 or 23, characterized in that 
said first layer has a thermal coefficient of resistance not higher than 1% in absolute. 

35. The electrification moderating film according to claim 34, characterized in that said thermal coefficient of 
resistance is negative. 

36. An electron beam system comprising in an enclosure: 

an electron source; 

an opposed member which is opposed to said electron source; and 

a first member which is disposed between said electron source and said opposed member, 

characterized in that said first member comprises a substrate and the electrification moderating film as 

claimed in any one of claims 1 through 35 provided on said substrate. 

37. The electron beam system according to claim 36, characterized in that said substrate has an insulating property. 

38. The electron beam system according to claim 36 or 37, characterized in that said first member is a spacer which 
maintains a gap between said electron source and said opposed member. 

39. The electron beam system according to any one of claims 36 through 38, characterized in that said electrification 
moderating film has specific resistance not lower than 10" 3 x Va Qm and not higher than 10 s am when a voltage 
applied across an end of said first member on a side of said electron source and another end of said first member on 
a side of said opposed member is represented by Va. 

40. The electron beam system according to any one of claims 36 through 39, characterized in that said substrate 
contains Na, and an Na blocking layer is disposed between said substrate and said electrification moderating film. 

41. The electron beam system according to any one of claims 36 through 40 comprising at least any one of a layer of 
silicon oxide, a layer of zirconium oxide and a layer of aluminium oxide between said substrate and said 
electrification moderating film. 

42. The electron beam system according to any one of claims 36 through 41, characterized in that said electron source 
has cold-cathode type electron emitting elements. 

43. The electron beam system according to any one of claims 36 through 42, characterized in that said electron source 
has surface conduction type electron emitting elements, 

44. An image forming system comprising in an enclosure: 

an electron source; 

an image forming member which is disposed in opposition to said electron source and forms an image when 
irradiated with electrons; and 

a first member which is disposed between said electron source and said image forming member, 
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58. A member comprising: 
a substrate; and 

an electrification moderating film disposed on said substrate 



a step to form the electrification moderating film as claimed in any one of claims 1 through 35 on said substrate; 
and 

a step to dispose said first member in said enclosure and then seal said enclosure. 

5 

60. The manufacturing method of an image forming system according to claim 59, characterized in that said enclosure is 
sealed in an atmosphere which suppresses oxidation of said first member. 

10 61. The manufacturing method of an image forming system according to claim 60, characterized in that said atmosphere 
which suppresses oxidation is a nitrogen atmosphere. 
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